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Summary
In humans and experimental animals, damage to the
hippocampus or related medial temporal lobe struc-
tures severely impairs the formation of new memory
but typically spares very remote memory. Questions
remain about the importance of these structures for
the storage and retrieval of remote autobiographical
memory. We carried out a detailed volumetric analy-
sis of structural brain images from eight memory-
impaired patients. Five of the patients had damage
limited mainly to the medial temporal lobe. These pa-
tients performed normally on tests of remote autobio-
graphical memory. Three patients had medial tempo-
ral lobe damage plus significant additional damage
to neocortex, and these patients were severely im-
paired. These findings account for previously re-
ported differences in the recollective ability of mem-
ory-impaired patients and demonstrate that the ability
to recollect remote autobiographical events depends
not on the medial temporal lobe but on widely distrib-
uted neocortical areas, especially the frontal, lateral
temporal, and occipital lobes.
Introduction
In both humans and experimental animals, damage to
the hippocampus or related medial temporal lobe
structures typically impairs recent memory but spares
remote memory (Squire et al., 2004). This pattern of
memory loss, termed temporally graded retrograde am-
nesia, has usually been interpreted to mean that medial
temporal lobe structures become less important for
memory storage and retrieval as time passes after
learning.
Within this framework, there is disagreement about
the status of autobiographical memory. Autobiographi-
cal memory refers to memory for unique personal expe-
riences that are specific to a particular time and place.
According to one view, autobiographical memories, like
other kinds of memory, gradually become independent
of the medial temporal lobe as time passes (McClelland
et al., 1995; Squire and Alvarez, 1995). A different view
states that autobiographical memory depends on spe-
cific contextual information and always requires the*Correspondence: lsquire@ucsd.eduhippocampus and related structures. Accordingly, au-
tobiographical memory remains dependent on the me-
dial temporal lobe for as long as the memory persists
(Fujii et al., 2000; Rosenbaum et al., 2001).
Strong evidence for the first view has been provided
by a recent study (Bayley et al., 2003) in which six pa-
tients with damage limited primarily to the hippocampal
region and two other patients with more extensive
damage to the medial temporal lobe successfully recol-
lected remote autobiographical memories. The memo-
ries of the patients were indistinguishable from the
memories of 25 controls with respect to the number of
details recalled, the number of prompts needed to be-
gin a narrative, and the duration of the narratives. These
results were also in agreement with earlier studies, using
less sensitive methods, that had found remote autobio-
graphical memory to be intact after damage limited to
the medial temporal lobe (Zola-Morgan et al., 1986;
MacKinnon and Squire, 1989; Rempel-Clower et al.,
1996; Reed and Squire, 1998; Kapur and Brooks, 1999).
Evidence for the second view comes from patients who
are deficient at recalling autobiographical episodes
even from early life and whose impairments have been
attributed to medial temporal lobe damage (Hirano and
Noguchi, 1998; Nadel et al., 2000; Cipolotti et al., 2001).
Two important issues merit further consideration. The
first concerns the locus and extent of neuropathology
in the patients under study. What is the nature of the
damage in patients who can successfully recollect au-
tobiographical memories, compared to patients who
cannot recollect autobiographical memories? It has
been difficult to make this comparison, because find-
ings are frequently reported from single cases, and
often only limited anatomical information is available.
The second issue concerns the quality of autobio-
graphical recollections that are produced by the pa-
tients being studied. Even if the recollections of pa-
tients and controls appear similar according to certain
quantitative measures, the recollections might differ in
other ways. For example, one patient (Y.K.) was re-
ported to have some knowledge of remote incidents in
his life but was unable to “remember” them (Hirano and
Noguchi, 1998; Hirano et al., 2002). Using the Remem-
ber and Know procedure (Tulving, 1985), Y.K. assigned
K responses to all of his remote recollections, indicat-
ing that he had knowledge of the events as facts but
could not actually place himself mentally at the scenes
where the events occurred. In contrast, the recollec-
tions produced by controls were mostly assigned R re-
sponses. That is, controls indicated that they had a
sense of being able to reexperience the events that
they recalled. This report highlights the need for sys-
tematic study of the quality of autobiographical recol-
lections.
We addressed these issues in two experiments. In
experiment 1, a detailed volumetric analysis was per-
formed on the magnetic resonance images from mem-
ory-impaired patients and controls. Five of the patients
could recollect remote autobiographical memories as
successfully as their controls, but three other patients
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800were strikingly impaired. Volume estimates were ob- s
Rtained for the hippocampal region (hippocampus proper,
dentate gyrus, and subicular complex), parahippocam- a
Spal gyrus, fusiform gyrus, insular cortex, and each of
the major lobes of the brain. We identified significant p
tbrain damage in the neocortex of patients who were
impaired that was not present in the patients who s
Hwere unimpaired.
Experiment 2 examined the subjective experiences c
tthat accompany autobiographical recall, focusing on
the five patients who could successfully recollect re-
dmote autobiographical memories. First, participants
were asked to classify their autobiographical memories t
husing the same Remember/Know procedure that was
used to test patient Y.K. (Hirano et al., 2002). Second, m
dparticipants were asked to rate the vividness of the vi-
sual imagery in their autobiographical recollections. Vi- g
tsual imagery is central to autobiographical memory,
and damage to the visual cortex can severely impair c
tautobiographical recall (Ogden, 1993; Rubin and Green-
berg, 1998). Third, participants were asked to state the v
rviewpoint from which the visual imagery in their recol-
lections was seen (i.e., first-person or third-person o
(viewpoint). Images occurring during autobiographical
remembering are usually viewed from the first-person V
Tperspective (Heaps and Nash, 2001). With respect to
these three aspects of the recollective experience, the o
tquestion of interest was whether the recollections of
memory-impaired patients were similar to or different m
vfrom the recollections of healthy individuals.
u
tResults
s
hExperiment 1
PVolumetric Data: MTL Group
(Magnetic resonance images (MRI) for the two patients
tin the medial temporal lobe (MTL) group who have the
glargest lesions (E.P. and G.P.) are shown in Figure 1.
1Figure 2 shows the volumes of the major lobes of the
lfive amnesic patients in the MTL group. The volumes
hof medial temporal lobe structures are presented in Ta-
able 1, and the volumes of the fusiform gyrus and insular
fcortex are presented in Table 2. When measurements
vof brain regions were undertaken by two independent
scorers, the results were consistently within 13% of
reach other (also see Gold and Squire, 2005). Three of
sthe patients (R.S., G.W., J.R.W.) have a substantial vol-
tume reduction within the hippocampal region but, with
tone exception, no reduction in the parahippocampal
tgyrus, the fusiform gyrus, the insular cortex, or the ma-
tjor lobes of the brain. The one exception is R.S., whose
eparietal lobes are unusually small (Figure 2). However,
athis finding likely reflects natural variation in parietal
rlobe volume rather than damage to this region, be-
dcause (1) no evidence of parietal lobe damage is appar-
Aent in his MRI scan; and (2) he obtained normal scores
Ton tests sensitive to parietal lobe function, including a
ascore of 28 out of 36 for his copy of the Rey-Osterrieth
(figure (Osterrieth, 1944), a score of 99 on the Attention
osubscale of the Wechsler Memory Scale-Revised (Wech-
osler, 1987) (Table 3), and a scaled score of 11 on the
TBlock Design subtest of the Weschler Adult Intelligence
Scale-Revised (Wechsler, 1981). Note that volumes of gome brain regions have been reported previously for
.S, G.W., and J.R.W. (Gold and Squire, 2005), for E.P.
nd G.P. (Levy et al., 2004), and for H.C. (Stark and
quire, 2003). The differences between volumes re-
orted earlier and the volumes reported here are due
o the different numbers of controls in the earlier
tudies and to differences in normalization procedures.
ere, normalization to intracranial volume has been
arried out uniformly for medial temporal lobe struc-
ures, fusiform gyrus, and insular cortex.
Both patients E.P. and G.P. have more extensive me-
ial temporal lobe damage than the other patients in
he MTL group. Specifically, for both these patients the
ippocampal region and parahippocampal gyrus are
arkedly reduced in volume bilaterally (Table 1). The
amage also extends laterally to include the fusiform
yrus bilaterally (Table 2), although volume reduction in
he left fusiform gyrus in E.P. falls just short of signifi-
ance (defined as >2 standard deviations from the con-
rol mean). The insular cortex is moderately reduced in
olume in E.P. In G.P., the insular cortex is significantly
educed in volume on the left (Table 2). The major lobes
f patients E.P. and G.P. appear to be of normal volume
Figure 2).
olumetric Data: MTL+ Group
he three patients in this group have reduced volumes
f medial temporal lobe structures (Table 1) and addi-
ional reductions in the volumes of one or more of the
ajor lobes (Figure 3). Specifically, H.C. has reduced
olumes of the frontal, parietal, and occipital lobes (Fig-
res 1 and 3). These reduced volumes are bilateral, al-
hough the volume reduction in his frontal lobe reaches
ignificance only in the right hemisphere. The left para-
ippocampal gyrus is also reduced in volume (Table 1).
atient P.H. has reduced volume of the left frontal lobe
Figure 3). P.H. also has reduced volumes of medial
emporal lobe structures, including the hippocampal re-
ion and the parahippocampal gyrus bilaterally (Figure
; Table 1). Patient G.T. has reduced volumes of the
ateral temporal lobes bilaterally (Figures 1 and 3). The
ippocampal region and the parahippocampal gyrus
re also reduced in volume bilaterally (Table 1), as is the
usiform gyrus (Table 2). The insular cortex is reduced in
olume on the left.
It should be noted that this summary of the volumet-
ic data is conservative. The considerable between-
ubject variation in the size of brain regions as well as
he modest number of controls available for each pa-
ient work against finding significant volume reduc-
ions. If, instead, one evaluates reductions for the pa-
ients with respect to all 12 controls (instead of four for
ach patient), one finds, in addition to what is reported
bove, a significant reduction in E.P.’s left fusiform gy-
us and G.P.’s right insula, and a nearly significant re-
uction (p = 0.07) in P.H.’s right frontal cortex.
utobiographical Memory
he patients in the MTL group and their controls were
ble to provide unique autobiographical memories
scoring the maximum of 3 points) in response to most
f the 24 cue words (Figure 4; MTL patients, 21.6 mem-
ries; controls, 22.9 memories; for individual data, see
able 4). In contrast, the three patients in the MTL+
roup were severely impaired at recalling autobio-
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801Figure 1. Magnetic Resonance Images Showing the Extent of Brain Damage for Five of the Eight Patients
(A), (B), and (C) are T2-weighted axial images (T1-weighted axial images for P.H.) arranged from ventral (A) to dorsal (C). Damaged tissue is
indicated by areas of bright signal (but by dark signal for P.H.). (D) in each row is a coronal, T1-weighted image taken at the level of the
hippocampus. For all images, the left side of the brain is on the right side of the image. See text for detailed description of the lesions.graphical memories and provided an average of only
4.0 unique (3 point) memories in response to the 24 cue
words. Most of the memories provided by the MTL+
group were awarded just one point (Figure 4), suggest-
ing that these patients were able to recall some general
information but had difficulty providing memories that
were specific to a particular time and place. For eachparticipant, a mean score (0 to 3) was calculated across
all 24 words. The MTL+ group had a lower score (1.47)
than either the MTL group (2.84) [t(6) = 7.3; p < 0.01] or
the control group (2.93) [t(27) = 19.0; p < 0.01]. The con-
trol and MTL groups performed similarly [t(29) = 1.52;
p > 0.10].
To determine the reliability of the 0–3 point scoring
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Figure 2. Volumes of Major Brain Regions for the Five Amnesic G
Patients with Lesions Limited Primarily to the Medial Temporal
Lobe
Patients are represented by filled circles. Separate control groups
(n = 4; unfilled circles) were matched to patient E.P, patient G.P., T
and patients R.S., G.W., and J.R.W. a
fable 1. Percent Reduction in the Volume of Medial Temporal
obe Regions for the Patients Relative to Four Controls for Each
atient
Hippocampal Region Parahippocampal Gyrus
atient Left Right Left Right
.S. 24% 35%* 2% 0%
.W. 49%* 42%* 16% 9%
.R.W. 43%* 40%* −5% 18%
.P. 98%* 97%* 92%* 94%*
.P 100%* 93%* 96%* 87%*
.C. 7% 12% 40%* 15%
.H. 54%* 34%* 35%* 26%*
.T. 89%* 67%* 98%* 94%*
olumes were corrected for differences in brain size by dividing by
ntracranial volume. An asterisk denotes a reduction in volume >2
tandard deviations from the control mean. The hippocampal
egion includes the CA fields, dentate gyrus, and subicular
omplex. The parahippocampal gyrus includes the perirhinal,
ntorhinal, and parahippocampal cortices..T. was not available.
able 2. Percent Reduction in the Volume of the Fusiform Gyrus
nd the Insular Cortex for the Patients Relative to Four Controls
or Each Patient
Fusiform Gyrus Insular Cortex
Patient Left Right Left Right
R.S. −22% 8% −13% −32%
G.W. 14% 8% 1% 0%
J.R.W. 6% 18% 1% −2%
E.P. 39% 68%* 32% 30%
G.P. 41%* 56%* 80%* 49%
H.C. 0% −6% −14% −23%
P.H. 31% 10% 19% 14%
G.T. 53%* 64%* 66%* 29%
Volumes were corrected for differences in brain size by dividing by
intracranial volume. An asterisk denotes a reduction in volume >2
standard deviations from the control mean.method, narratives from 24 of the participants (all eight
patients and 16 of the 26 controls) were scored by a
second rater who was blind to the identity of the partici-
pants. Eight narratives were selected randomly for each
participant, giving a total of 192 narratives. The scores
of the blind rater and the original rater were highly
correlated (r = 0.92; p < 0.001).
Autobiographical Memory Interview
The patients in the MTL+ group performed poorly com-
pared to the patients in the MTL group and controls
(all ps < 0.05). The mean scores for autobiographical
incidents from childhood are shown in Figure 5A, andhe mean scores for personal semantic memory are
hown in Figure 5B.
xperiment 2
emember and Know
he patients in the MTL group and the controls per-
ormed similarly overall, rating most of their memories
s Remember (MTL group, 87.1% Remember versus
0.7% Know; control group, 80.3% Remember versus
8.6% Know). Patients failed to recall 2.2% of their
emories, and controls failed to recall 1.1% of their
emories (Figure 6A).
Patient H.C. was asked to recollect a total of five au-
obiographical recollections (this is the number of rec-
llections for which he received the maximum 3 point
core). He rated three of these memories as Know, and
wo as Remember. Thus, unlike the other participants,
.C. rated the majority of his memories as Know. The
ther two patients in the MTL+ group could not be eval-
ated in experiment 2. Thus, P.H. produced only one
ecollection that received a maximum 3 point score.
The Neuroanatomy of Remote Memory
803Table 3. Characteristics of Patients
Year of Education
Patient Group Birth (Years) WAIS- III IQ WMS-R
Attention Verbal Visual General Delay
R.S. MTL 1956 12 99 99 85 81 82 <50
G.W. MTL 1959 12 108 105 67 86 70 <50
J.R.W. MTL 1963 12 90 87 65 95 70 <50
E.P. MTL 1922 12 98 94 57 82 61 56
G.P. MTL 1946 16 98 102 79 62 66 <50
H.C. MTL+ 1961 22 98 96 83 53 68 51
P.H. MTL+ 1922 19 105 117 67 83 70 57
G.T. MTL+ 1936 12 84 120 57 50 50 <50
The Wechsler Adult Intelligence Scale-III (WAIS-III) (Wechsler, 1997) and the Wechsler Memory Scale-Revised (WMS-R) (Wechsler, 1987) yield
mean scores of 100 in the normal population with a standard deviation of 15. The WMS-R does not provide numerical scores for individuals
who score below 50. IQ scores for R.S. and J.R.W. are from the Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981). The first three
patients in the medial temporal lobe (MTL) group have damage thought to be limited to the hippocampal region. E.P. and G.P. have
hippocampal damage as well as damage to adjacent medial temporal cortex. The MTL+ group has medial temporal lobe damage as well as
additional damage to other regions of neocortex.Vividness
Figure 6B shows the vividness scores that participants
gave for their autobiographical memories. Patients in
the MTL group and controls rated memories that they
had classified as Remember as being more vivid than
those they had classified as Know (patients, Remem-
ber = 4.1, Know = 2.3; controls, Remember = 3.9,
Know = 2.7). An ANOVA confirmed that, overall, memo-
ries classified as Remember were more vivid than
memories classified as Know [F(1, 8) = 79.3; p < 0.01].
There was no effect of group [F(1, 8) = 0.50] and no
group × rating interaction [F(1, 8) = 0.99].
Patient H.C. also rated the two memories he classi-
fied as Remember as being more vivid than the three
memories he classified as Know (Remember = 5.0,
Know = 3.3).
Perspective
The patients and the controls performed similarly, re-
porting that most of their recollections were experi-
enced from the first-person perspective (MTL group,
80.3% first-person versus 19.7% third-person; control
group, 85.6% first-person versus 14.4% third-person)
(Figure 6C). Patient H.C. stated that all five of his auto-
biographical memories were seen from the first-per-
son perspective.
Discussion
The ability to recall remote autobiographical memories
was assessed in detail in a group of memory-impaired
patients for whom quantitative volumetric data were
obtained to describe the locus and extent of brain dam-
age. Five of the patients had damage limited mainly to
the medial temporal lobe, and three had medial tempo-
ral lobe damage plus significant additional damage to
neocortex. There were two major findings. First, the
patients with damage restricted mainly to the medial
temporal lobe performed normally on tests of remote
autobiographical memory, whereas the patients with
significant damage to the neocortex were severely im-
paired. Second, by three measures (Remembering ver-
sus Knowing, the vividness of visual imagery, and theperspective from which visual imagery was seen), the
subjective experience of remote autobiographical rec-
ollection was normal in the five patients with damage
restricted mainly to the medial temporal lobe. Of the
three patients with more extensive damage, only H.C.
could be evaluated. He performed abnormally by the
first measure and normally by the other two measures.
The three patients who had difficulty recollecting re-
mote autobiographical memories all had damage to
one or more areas of the neocortex, including the fron-
tal, lateral temporal, and occipital lobes. Damage to the
lateral temporal cortex is known to impair remote auto-
biographical memory (Graham and Hodges, 1997). In
our study, lateral temporal lobe damage might explain
the poor performance of patient G.T. Damage to the
frontal lobe impairs a variety of “executive” functions
that are important for the strategic aspects of recall as
well as for active or effortful reconstructive processes
(Kopelman, 2002), and frontal lobe damage is associ-
ated with impaired autobiographical memory (Kopel-
man et al., 2003). In our study, frontal lobe damage
might explain the poor performance of patients H.C.
and P.H. Finally, damage to the occipital lobe can also
impair autobiographical recollection, perhaps because
recollecting a past event depends importantly on the
successful retrieval of visual images (Rubin and Green-
berg, 1998). In our study, occipital lobe damage might
contribute to the poor performance of patient H.C.
The five patients with damage limited mainly to the
medial temporal lobe not only produced detailed, well-
formed remote autobiographical memories that resem-
bled the recollections of the control group (also see
Bayley et al., 2003), they also produced recollections
that were qualitatively normal by three different mea-
sures. First, autobiographical memories were classified
using the Remember/Know procedure according to
those that included a feeling of being able to reexperi-
ence the original event (Remembering) and those that
did not include this feeling (Knowing). Both patients
and controls labeled most of their remote autobio-
graphical memories as Remember, and the two groups
had similar proportions of Remember and Know re-
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Figure 3. Volumes of Major Brain Regions for Three Amnesic Pa- d
tients with Large Medial Temporal Lobe Lesions and Additional m
Damage to Neocortex
i
Patients are represented by filled circles. Separate control groups
(n = 4; unfilled circles) were matched to patient H.C., patient P.H.,
and patient G.T.
T
Migure 4. Performance on the Test of Remote Autobiographical
emory
articipants were given 24 cue words (e.g., river, bottle, nail) and
sked to recollect a specific event that involved the word. Patients
ere asked to recall events from the first third of their life before
he onset of amnesia, and controls were asked for events from the
ame portion of their lives. Tape-recorded narratives were scored
0 to 3) for how well they described an event (0 = no response or a
eneric response, 1 = vague reference to a memory without any
eference to time or place, 2 = memory that had some specificity
ut was not specific to one time and place, 3 = memory that was
pecific to one time and place). The bars show the mean number
f narratives given each score, and the brackets show SEM. MTL,
ive patients with medial temporal lobe lesions; MTL+, three pa-
ients with medial temporal lobe lesions and additional lesions to
eocortex; CON, 26 controls.s difficult to determine. Certainly, one cannot suppose
able 4. Performance on the Test of Remote Autobiographical
emory
Patient Group 0 Point 1 Point 2 Point 3 Point
R.S. MTL 0 0 0 24
G.W. MTL 0 0 2 22
J.R.W. MTL 0 1 3 20
E.P. MTL 0 6 0 18
G.P. MTL 0 0 0 24
H.C. MTL+ 1 8 10 5
P.H. MTL+ 3 16 4 1
G.T. MTL+ 0 18 0 6
CON 0.1 0.5 0.4 22.9
Twenty-four tape-recorded narratives from each participant were
scored on a 0 to 3 point scale (see Figure 4). For each patient, the
number of narratives given each score is shown. For the controls,
the mean number of narratives given each score is shown. MTL,
five patients with medial temporal lobe lesions; MTL+, three
patients with medial temporal lobe lesions and additional lesions
to neocortex; CON, 26 controls.sponses. Second, the rated vividness of autobiographi-
cal memories was similar for patients and controls.
Third, the patients and controls experienced the imag-
ery in most of their recollections from the same first-
person perspective. These findings suggest that the
recollective experience of patients with damage limited
mainly to the medial temporal lobe was qualitatively
normal.
In view of these findings, the earlier report that a
memory-impaired patient assigned Know responses to
all of his remote autobiographical recollections (patient
Y.K.; Hirano et al., 2002) raises the possibility that this
patient has damage to structures outside the medial
temporal lobe. It is noteworthy that Y.K. was impaired
on neuropsychological measures of frontal lobe func-
tion, and the authors suggested that Y.K.’s performanceight be the result of frontal lobe damage (Hirano et
l., 2002). This suggestion is supported by the observa-
ion that our patient H.C., who has significant frontal
obe damage, also classified the majority of his memo-
ies as Know.
The present findings can be contrasted to reports in
hich memory-impaired patients had difficulty recalling
emote autobiographical memories. In one study (Mos-
ovitch et al., 2000), five patients with this impairment
ad various etiologies: closed head injury (patient K.C.),
iral encephalitis, diencephalic damage following astro-
ytoma, basal forebrain damage following anterior
ommunicating artery aneurysm, and Alzheimer’s dis-
ase. Except for K.C., the brain damage has not been
escribed, and the relationship between impaired re-
embering and the integrity of specific brain structures
The Neuroanatomy of Remote Memory
805Figure 5. Performance on the Childhood Portion of the Autobio-
graphical Memory Interview
(A) Scores on items that assessed memory for autobiographical
events (maximum score = 9).
(B) Scores on items that assessed personal semantic knowledge
(maximum score = 21). MTL, five patients with medial temporal lobe
lesions; MTL+, three patients with medial temporal lobe lesions and
additional lesions to neocortex; CON, 13 controls.Figure 6. Characteristics of the Remote Autobiographical Memories
(A) The percentage of Remember (R) and Know (K) responses for
each autobiographical memory. A Remember response was scored
if participants reported that a recollection was associated with the
subjective feeling of mentally traveling back in time to the place
that the event occurred. A Know response was scored if partici-
pants reported that the event had occurred but could not directly
reexperience it.
(B) Vividness of the visual imagery during autobiographical recall.
Vividness scores are shown separately for autobiographical memo-
ries classified as Remember (R) and Know (K), as described in (A).
Note that two of the eight controls did not report any Know memo-
ries, so that only six controls are shown in this condition. Partici-
pants were asked to rate the vividness of their mental imagery
using a 5 point scale, 1 (“No image at all”) to 5 (“Perfectly clear and
vivid as normal vision”).
(C) The perspective from which visual imagery was viewed during
autobiographical recall. Participants were asked to judge whether
their recollections were viewed from the first-person perspective
(from the participant’s own viewpoint) or from the third-person per-
spective (from a third-person viewpoint). MTL, five patients with
medial temporal lobe lesions; CON, 8 controls.that the deficits in autobiographical memory reported
for these patients are due specifically to medial tempo-
ral lobe damage. In the case of K.C., whose damage
has been carefully documented, the damage includes
the medial temporal lobe bilaterally but also involves
left frontal, left parietal, left retrosplenial, and left occip-
ital cortex, and there is a small lesion in the right pari-
etal cortex (Tulving et al., 1991; Rosenbaum et al.,
2004). K.C. can recall few, if any, autobiographical epi-
sodes from his life before his injury (Tulving et al., 1988;
Hayman et al., 1993; Westmacott et al., 2001). Some
neuropsychological data have been taken to suggest
that K.C.’s poor remote autobiographical memory is re-
lated to his medial temporal lobe damage and not to
damage in the posterior neocortex or the frontal lobes
(Rosenbaum et al., 2004). However, this view is difficult
to sustain. K.C. has less medial temporal lobe damage
than patients E.P. and G.P. (compare the status of the
parahippocampal gyrus of E.P. and G.P. in our Table 1
with the description of K.C. by Rosenbaum et al.
[2000]). Yet E.P. and G.P. can recollect autobiographical
memories better than K.C. can. Accordingly, K.C.’s se-
vere impairment in autobiographical recollection is un-
likely to be due to his medial temporal lobe damage.
Other memory-impaired patients with significant neo-
cortical damage have also been reported to do poorly
at recollecting autobiographical memory. Kapur (1999)
identified 20 published cases where this impairment
was especially prominent. Although some of the cases
had damage to the medial temporal lobe, damage wasnot limited to this region in any of the cases. For exam-
ple, the encephalitic patient L.D. had severe retrograde
amnesia for remote personal events and damage to the
left medial temporal lobe, the right medial and lateral
temporal lobe, the basal forebrain bilaterally, and the
right parietal lobe (O’Connor et al., 1992). A similar ret-
rograde memory impairment was documented for the
encephalitic patient S.S. (Cermak and O’Connor, 1983),
Neuron
806who has extensive bilateral damage to the medial tem- d
eporal lobe, as well as the insular cortex, septal region,
and lateral temporal lobe bilaterally (Verfaellie et al., p
w2000). Similar findings were also reported by Viskontas
et al. (2000), who studied 25 patients with temporal lobe d
tepilepsy, 12 of whom had undergone unilateral resec-
tive surgery. Although the impairment in recollecting re- t
(mote autobiographical events was attributed to medial
temporal lobe damage, the status of medial and lateral a
mtemporal lobe tissue was not described.
An additional patient (V.C.) also exhibited impaired f
remote autobiographical memory following repeated
episodes of cerebral ischemia accompanied by sei- c
hzures (Kartsounis et al., 1995; Cipolotti et al., 2001). A
volumetric analysis of the temporal lobe revealed se- t
dvere hippocampal atrophy and additional damage to
the left parahippocampal gyrus, which was reduced in l
svolume by 2.9 standard deviations (Cipolotti et al.,
2001). Like patient K.C., who was discussed above, d
gV.C. has less medial temporal lobe damage than either
patient E.P. or G.P., but E.P. and G.P. succeeded at 1
tautobiographical recollection. It is therefore difficult to
attribute V.C.’s remote memory impairment to medial h
itemporal lobe damage.
Lastly, the well-studied patient H.M. underwent a bi- b
mlateral medial temporal lobe resection at the age of 27
years (Corkin et al., 1997) and has long been described a
aas having good access to autobiographical memories
from before the age of 17 years (Corkin, 1984; Sagar et t
pal., 1985). Recently, H.M. was described as deficient on
a new test of autobiographical memory that collected 2
none memory from each of five time periods covering
most of his life span (Steinvorth et al., 2005). Impor- a
atantly, he achieved a normal score (by their criteria) for
one of the two remote time periods tested, providing a p
tdetailed autobiographical memory from age 15 years.
Nevertheless, H.M. was judged to be deficient and pro- t
svided only one or two additional autobiographical
memories. It is worth noting two factors that may have r
rcontributed to his performance. First, H.M. became am-
nesic at a relatively young age, which limited the num- i
tber of premorbid, remote memories that he could be
expected to have. Second, memory formation may 1
whave been disrupted by his epilepsy, which developed
beginning at age 10. Further studies of these issues will B
sbe useful. A second patient (W.R.) in the same study
was marginally impaired in three premorbid time e
mperiods and entirely normal in another (early adult-
hood). She also had bilateral atrophy in the parietal lobe g
pand lesions of the right superior temporal gyrus and
right thalamus, which make it difficult to interpret her d
qperformance.
There appear to be two ways to reconcile the dis- t
crepancy in findings for memory-impaired patients who
do poorly on tests of remote autobiographical memory p
iand patients who succeed on these tests, as in the
present study. From the anatomical evidence consid- s
sered above, one explanation is that the two kinds of
patients differ importantly in the locus and extent of m
rtheir damage. Specifically, most of the patients who
perform poorly are known to have significant damage c
moutside the medial temporal lobe, whereas those pa-
tients who perform well have damage limited to the me- h
tdial temporal lobe. An alternative possibility is that theifferences between patients reflects important differ-
nces in test procedures. For example, it has been pro-
osed that the autobiographical narratives of patients
ith medial temporal lobe lesions lack the richness of
etail that appears in the narratives of controls and that
his deficiency can be detected only using sensitive
ests (Nadel et al., 2000). Similarly, Rosenbaum et al.
2004) pointed out that, until comparable techniques
re used across laboratories, differences in how remote
emory is assessed might explain any differences in
indings.
The state of affairs is not as challenging as these last
omments suggest, because comparable techniques
ave been used across laboratories. Whereas methods
hat collect and score detailed narratives will always be
ifficult to standardize across research settings, pub-
ished data are available for many of the patients under
tudy, including our own patients, from a simple, stan-
ardized test of autobiographical memory (the Autobio-
raphical Memory Interview [AMI]; Kopelman et al.,
989). This test includes three items that ask about au-
obiographical incidents that occurred during child-
ood (maximum score = 9 points). The critical finding
s that patients reported to have impaired remote auto-
iographical memory, including those whose impair-
ent has been attributed to medial temporal lobe dam-
ge, performed poorly on the Childhood portion of the
utobiographical incidents schedule from the AMI (pa-
ient Y.K. = 4/9 points; Hirano and Noguchi, 1998;
atient V.C. = 1/9; Cipolotti et al., 2001; patient K.C. =
/9; Rosenbaum et al., 2004; patient R.S. = 0/9; Kitche-
er et al., 1998; see Figure 5A for our patients H.C., P.H.,
nd G.T.). In contrast, in the present study, patients E.P.
nd G.P. both obtained the maximum score of nine
oints on the same test (Figure 5A). Further, each of the
hree patients who had damage restricted primarily to
he hippocampal region also obtained the maximum
core of nine points. Scores for 13 controls on this test
anged from 5 to 9 (mean = 7.9). Scores in this same
ange have also been reported for other memory-
mpaired patients thought to have damage restricted to
he medial temporal lobe (patient M.R. = 6/9; Eslinger,
998; patient P.D. = 7/9; Eslinger, 1998; patient B.E.,
hose score was reported as “normal”; Kapur and
rooks, 1999). These results show that, even when a
imple, standardized test is used, considerable differ-
nces remain across patients in the ability to recall re-
ote autobiographical memories. It follows that the ori-
in of this difference cannot lie in differences in the test
rocedures used to assess remote memory. Further,
etecting this difference between patients does not re-
uire the use of especially sensitive testing methods or
he detailed analysis of narrative content.
If testing method does not account for who is im-
aired and who is not, the most likely alternative is that
mportant differences exist among patients with re-
pect to the locus and extent of brain damage. In our
tudy, five patients with damage limited mainly to the
edial temporal lobe, including patients E.P. and G.P.,
ecalled remote autobiographical memories as well as
ontrols. Three other patients did poorly at recalling re-
ote autobiographical memories, and these patients
ad significant neocortical damage outside the medial
emporal lobe. Other patients with identified damage
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ported to do poorly at remote autobiographical remem-
bering (e.g., patients K.C., L.D., R.S., and S.S., as cited
above). We are unaware of any memory-impaired pa-
tients with damage limited to the medial temporal lobe
(and with quantitative MRI data from the entire brain to
support this anatomical description) who are incap-
able of recollecting remote autobiographical memories.
These considerations fit with the view that medial tem-
poral lobe structures are needed for the formation of
new memories and for the retrieval of older memories,
especially recently formed ones. However, the ability to
retrieve remote memories depends on neocortical re-
gions, especially within the frontal, lateral temporal,
and occipital lobes. Studies of experimental animals
have documented the increasing importance of neocor-
tex as memories grow older (Frankland et al., 2004; Ma-
viel et al., 2004; Wiltgen et al., 2004; Frankland and
Bontempi, 2005), and more than a dozen lesion studies
of experimental animals have demonstrated the tempo-
rary role of the hippocampus and related structures for
memory storage and retrieval (Squire et al., 2004). The
present study suggests that remote autobiographical
memory similarly depends on the neocortex and is in-
dependent of the medial temporal lobe.
Experimental Procedures
Experiment 1
Participants
Eight memory-impaired patients participated (Tables 1, 2, and 3;
Figures 1, 2, and 3). Of these, three patients (R.S., G.W., J.R.W.)
have damage thought to be limited primarily to the hippocampal
region, and two (E.P. and G.P.) have damage to the hippocampal
region as well as adjacent medial temporal lobe cortex (Figure 1).
Patient J.R.W. became amnesic in 1990, following an anoxic epi-
sode associated with cardiac arrest. Patients R.S. and G.W be-
came amnesic in 1998 and 2001, respectively, following a drug
overdose and respiratory failure. E.P. and G.P. became amnesic in
1992 and 1987, respectively, after contracting viral encephalitis. In
the present report, all five of these patients are designated as be-
longing to the MTL group.
Three other patients (MTL+ group; H.C., P.H., G.T.) have medial
temporal lobe lesions and additional damage to other regions of
neocortex that are intact in the MTL group (Figure 1). Patient H.C.
became amnesic in 1997 when he underwent a right parietal crani-
otomy to evacuate a right occipital and parietal hematoma after
a ruptured arteriovenous malformation. His memory impairment is
thought to have resulted from ischemia associated with this
rupture.
Patient P.H. had a 6 year history of 1–2 min “attacks” (with a
possible epileptic basis) that were associated with gastric symp-
toms and transient memory impairment. In 1989, he suffered from
a series of brief episodes that resulted in marked and persisting
memory loss. Beginning after 1997, and after exhibiting stable and
circumscribed memory impairment for about 8 years, his condition
began to worsen. For example, his score on the Initiation/Persever-
ation subscale of the Dementia Rating Scale (DRS; Mattis, 1976)
declined from 34 out of 37 points in 1997, to 30 in 2000, to 15 in
2002 (his MRI was obtained in 2001). Performance on this subscale
is sensitive to frontal lobe damage (Janowsky et al., 1989). Simi-
larly, his confrontational naming ability, as measured by the Boston
Naming Test (Kaplan et al., 1983), declined from 56 out of 60 in
1997 (a normal score; Squire et al., 1990) to 49 in 1999 to 30 in
2002. Performance on naming tests is sensitive to lateral temporal
lobe damage (Hermann et al., 1999).
Patient G.T. became severely amnesic in 1990 after contracting
viral encephalitis. As a group, the three patients in the MTL+ group
performed more poorly on both the Initiation/Perseveration sub-scale of the DRS and on the Boston Naming Test than the five
patients in the MTL group (Initiation/Perseveration, 23.0 versus
35.3; data available for three MTL patients; Boston Naming, 35.3
versus 47.0; data available for four MTL patients). Thus, as ex-
pected from the fact that the MTL+ group had lesions in neocortex,
this group had neuropsychological deficits beyond memory func-
tions that were not observed in the MTL group.
Acquisition of Volumetric Data
Volumetric data were obtained for the brains of all eight patients.
Volumetric data were also obtained for 12 male controls. Four of
the controls were matched to patients E.P. and P.H. (mean age of
controls = 78 years; range = 73–82 years), another four were
matched to patients G.P. and G.T. (mean age of controls = 60 years;
range = 56–65 years), and the remaining four were matched to pa-
tients H.C., R.S., G.W., and J.R.W (mean age of controls = 41 years;
range = 35–47 years). The patients and controls were scanned in
1.5 T clinical scanners.
Medial temporal lobe structures were defined using criteria
based on histological analysis of healthy brains (Amaral and In-
sausti, 1990; Insausti et al., 1998). Two regions were defined for
each hemisphere: the hippocampal region (hippocampus proper,
dentate gyrus, and subicular complex) and the parahippocampal
gyrus (perirhinal, entorhinal, and parahippocampal cortices). See
Gold and Squire (2005) for a detailed description of the volumetric
methods. Volumes calculated for each region were normalized by
dividing the volume of each structure by the intracranial volume.
To obtain volumetric data for the neocortex, twelve regions of
interest were defined, including the frontal lobes, lateral temporal
lobes, parietal lobes, occipital lobes, insular cortex, and fusiform
gyrus (both left and right sides) (Duvernoy, 1991; Stefanacci et al.,
2000). Magnetic resonance images were reconstructed using the
Analysis of Functional NeuroImages (AFNI) software program (Cox,
1996) so that the images could be viewed in all three planes (except
for patient G.T. [see below]). Before volumes were calculated,
brains were aligned along a plane running through the anterior and
posterior commissures (i.e., the AC-PC axis), ensuring that images
of all brains were oriented to a uniformly and anatomically defined
axis. Voxels were then resampled to 1 × 1 × 1 mm. Brain regions
were next drawn by hand on contiguous 1 mm thick coronal brain
slices using the Draw Dataset plug-in from AFNI. For each partici-
pant, the volume of a region was calculated as follows. First, all the
voxels encompassed within a region were labeled on each section.
Then, a segmentation program (Gyrus Finder, AFNI) was used to
create an overlay for each brain that discriminated voxels repre-
senting gray and white matter from voxels representing cerebrospi-
nal fluid, sinuses, and bone. Voxels not representing gray or white
matter were then removed. Finally, the volume (mm3) of gray and
white matter within each region was calculated as the sum of the
voxels remaining in the region.
Volumes of the insular cortex and fusiform gyrus were normalized
by dividing the volume of each structure by the intracranial volume.
The volumes of the frontal, lateral temporal, parietal, and occipital
lobes were not normalized, because the major lobes make up a
significant percentage of the total intracranial volume.
Brain images for patient G.T. were available only on film. (G.T.
died before higher-resolution scans could be obtained and before
he could participate in experiment 2). Sagittal (7.5 mm thick) and
coronal (5.0 mm thick) MRI sections were electronically scanned
and imported into the Canvas software program, where regions
were outlined using the polygon tool. The volume of each region
was then calculated by multiplying the area of each region by the
thickness of the images through the region.
Test of Autobiographical Memory
The patients described above, together with 26 healthy control
subjects (22 males) participated in the study of autobiographical
memory. Controls were matched to the patients with respect to age
(controls = 59.6 years; range = 38–80 years; patients = 54.5 years,
range = 39–76 years) and education (controls = 14.0 years, range =
12–20 years; patients = 15.2 years, range = 12–22 years).
Autobiographical memories were collected using a modified ver-
sion of the Crovitz test of autobiographical memory (Crovitz and
Schiffman, 1974; Bayley et al., 2003). Patients were asked to recol-
lect autobiographical memories from the first third of life before the
onset of their amnesia. Controls were asked to recollect events
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Tnouns (e.g., river, bottle, nail) were presented one at a time with the
instruction to recollect a unique event that involved the stimulus e
tword and that was specific to time and place. Narratives were tape
recorded for later scoring. 4
tSpecific instructions were as follows: “I am going to give you a
word and I would like you to tell me something that is connected m
wwith that word that happened to you one time during the time
period zero to __ years old (each participant was given a specific w
rage). The memory can be anything, as long as it happened to you,
anot something that you heard about from someone else.” If the
iparticipant was unable to provide a memory that was specific in
wtime and place, then prompts were given as follows.
gPrompts before the Narrative Recollection Was Begun. Prompts
iwere given as needed before the participant began to describe a
ospecific event. For example, to help the participant remember an
aevent involving the cue word “lake,” the interviewer might ask “Per-
thaps you remember one day when you went swimming in a lake?”
rPrompts during the Narrative Recollection. Once the participant
hbegan to describe an event, prompts were given as needed in order
ato elicit more details. For example, the interviewer might ask “You
tsaid that you graduated from high school. Can you tell me more
gabout the day you graduated?” or “What did you do after the grad-
uation ceremony?”
hMore specific prompts were also given to try to elicit as much
fdetail as possible (e.g., “What was the name of the racehorse who
dwon the race you were watching?”). Prompts continued until the
ainterviewer judged that the participant had recalled as many details
tas possible. Similar methods for eliciting autobiographical memo-
iries have been described in other studies (Moscovitch et al., 2000;
iLevine et al., 2002).
tScoring. All narratives were scored on a 0 to 3 scale (Zola-Mor-
Sgan et al., 1983). Three points were awarded for an episodic mem-
yory that was specific to time and place (e.g., a description of the
wevents on the day the participant passed the driving test). Two
tpoints were awarded for a memory that had some specificity, but
awas not specific to one time and place and was therefore not re-
dcalled as a unique event (e.g., “I used to stay at my grandma’s
“house on weekends”). One point was awarded for a vague refer-
yence to a memory but without any time or place reference (e.g., “I
cread a lot of books”). Zero points were given for no response or for
a generic response (e.g., “You can open and close a door”). Addi-
ptional detailed analysis of the narratives from the five patients in
pthe MTL group was also carried out to determine the number of
adetails in the recollections that were produced for each cue word.
wThese data were presented previously and showed that the recol-
vlections of the patients contained the same number of details
v(±5%) as the recollections of the controls (Bayley et al., 2003).
pAMI
wIn order to permit comparison between our patients and patients
otested in other settings, the three patients in the MTL+ group were
c
also assessed with the AMI (Kopelman et al., 1989). Data for the
t
MTL group have been published previously (Bayley et al., 2003),
t
and they are included here for reference. This standardized test
quantifies the recall of autobiographical incidents and personal
facts from childhood (until age 18) and two later time periods. Fol- A
lowing published procedures, participants were asked to recall
three unique events from childhood (autobiographical memory) as
S
well as 12 facts about their childhood (personal semantic memory).
V
Results were compared to findings for 13 controls (nine male; age = F
65.6 years; education = 14.6 years). s
i
Experiment 2
Participants R
The five patients in the MTL group from experiment 1 and one pa- R
tient from the MTL+ group (H.C.) participated in experiment 2. Pa- A
tient G.T. was unavailable, and P.H. was not tested because only P
one of his autobiographical memories received the maximum score
of three points. Eight controls from experiment 1 also participated, R
and they were matched to the patients with respect to gender (all
male), mean age at the time of testing (controls = 54.5 ± 6.3 years; A
patients = 53.5 ± 7.4 years), and years of education (controls = T
d12.8 ± 0.5; patients = 12.8 ± 0.8).rocedure
esting occurred on average 1.7 years (range = 0.7–4.8 years) after
xperiment 1. Participants were asked to describe each recollec-
ion that had been given a maximum score of three points (Figure
) in experiment 1 (mean = 21.6 memories for the five patients in
he MTL group; 5 memories for the MTL+ patient H.C.; mean = 23.1
emories for the eight controls). For each recollection, participants
ere given the cue word that had been given previously, together
ith a maximum of six details that they had originally provided in
esponse to the cue word (see below). Specific instructions were
s follows: “During a previous test session, you told us about an
ncident that happened to you that was connected with [the cue
ord] that happened to you before the age of [each participant was
iven a specific age; see Experimental Procedures]. The incident
nvolved [subjects were initially provided with two details from their
riginal narrative]. I would like you to tell me about this incident
gain.” Participants were encouraged to provide the entire narra-
ive in as much detail as possible. If a participant was unable to
ecollect a narrative, he was prompted with additional details from
is original narrative. Additional details were given one at a time,
nd the inquiry was terminated if the participant remained unable
o recollect the narrative after four additional details had been
iven.
Participants were able to recollect most of the incidents they
ad described earlier. The R and K procedure was then applied as
ollows: “I want you to decide whether you ‘Remember’ the inci-
ent or only ‘Know’ that it happened. Say ‘Remember’ if you can
ctually remember the event as if you were there and you can men-
ally travel back in time to the place that the incident occurred and
magine that you are there. You should say ‘Know’ if you know that
t happened to you, but you cannot travel back in time to the place
hat the incident occurred, and you cannot imagine yourself there.
ay ‘Know’ if it sounds familiar, and that you know it happened to
ou, but you cannot really imagine yourself there. For example, you
ould say ‘Know’ if you feel that the information you have about
he incident is just occurring automatically and that you have no
ctual feeling of it.” A card was placed in front of the participants
uring the entire test session that summarized the distinction as
Remember: if you can remember the incident and can imagine
ourself there or Know: if you know the incident took place but you
annot imagine yourself there.”
After rating their narratives using the R and K procedure, partici-
ants next rated the visual imagery in their recollections on a 5
oint scale. Participants were asked: “How clear is your visual im-
ge for this incident?” The scale was explained on the card that
as placed in front of them: 5 = “Perfectly clear and vivid as normal
ision,” 4 = “Clear and reasonably vivid,” 3 = “Moderately clear and
ivid,” 2 = “Vague and dim,” 1 = “No image at all.” Finally, partici-
ants were asked to state the viewpoint from which their imagery
as experienced. They were asked: “Is your image seen from your
wn perspective or as an observer?” To assist the participants, the
ard in front of the participants was marked “Your own perspec-
ive—As seen through your own eyes” and “An observer perspec-
ive—You see yourself in the image.”
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